ABSTRACT Cellulose [C 6 (H 2 0) 5 ] was co-ground with calcium (Ca(OH) 2 ) and nickel (Ni(OH) 2 ) hydroxides, followed by heating the ground samples up to 1000 °C for determination of temperature range at which hydrogen (H 2 ) gas can be generated. The results showed that the main gaseous products were; H 2 , CH 4 , H 2 0, CO, and C0 2 with H 2 as the dominant gas generated between 350 and 550 °C. Analyses of the gaseous products by TG-MS and gas-chromatography, and solid products by TG-DTA and XRD showed that C0 2 gas was fixed as CaC0 3 at temperatures between 350 to 600 °C allowing generation of H 2 gas with concentrations ranging from 90 to 99% with carbon oxide (CO, C0 2 ) concentrations less than 1%. A plausible reaction mechanism is attributed to the interaction between cellulose and Ca(OH) 2 to transform the carbon in cellulose into CaC0 3 , to which nickel works as catalyst.
work was fixed at 700 rpm and grinding time ranged between 0 and 240 min, where hand-mixed sample is defined as the one ground for 0 min.
Gasification
TG/MS analysis of the ground samples to observe temperature range at which H 2 gas generation occurs was performed using a thermobalance connected to a quadrupole mass spectrometer (Rigaku Thermo-Mass:
Thermo plus TG-8120 with M-201QA). The measurements were carried out with helium gas at a flow rate of 300 ml/min. About 5 mg of the milled samples were heated from 20 to 1000 °C at a heating rate of 20 °C/min through a transfer line heated to 200 °C.
For evaluating the concentration of component gaseous products upon heating, two methods were used to prepare gaseous samples and in both cases, 2.0 g of the ground samples was put on a sample holder and placed in a glass tube inserted in a furnalce connected ίο line with argon gas flow. In the first method, the sample in the furnace was heated to 525 °C at a heating rate of 9 °C/min and maintained for 30 min. The product gases were collected in aluminium packs through the discharge line for three different temperature ranges during the heating process at 350-450 °C, 450-525 °C and 525 °C for gas concentration analysis. In the second method, the each 2.0 g sample was heated to an appointed temperature (350, 450, 550, 650 °C) and all the gases were collected in a cylinder as a single sample to evaluate both concentration and amount for the determination of hydrogen yield.
The gaseous products collected were quantitatively analyzed for component gas concentrations with a TCD micro-gas Chromatograph with an MS-5A column and a Pora Plot Q column (Agilent Micro GC 3000A) under helium carrier gas using Cerity QA/QC program. The result indicates that the grinding operation was necessary to achieve high H 2 emission. 
Characterization of solid samples
CO + H 2 0 -> C0 2 + H 2 (3)
Because there are no direct evidence to support such two step reaction mechanism and it is not easy to understand why the reactions may occur at such a low temperature, we discuss it in another route. Together with gas emission data from MS analysis and XRD pattern, the following formula can be used to represent the overall reaction mechanism. Further investigation is needed to understand such a solid state reaction. We have also noticed that when hydroxides of magnesium and aluminium were used, the solid residues after heating were their corresponding oxides without formations of any carbonates. Although water was 
Effect ofNiO and Ni
In industrially applied steam reforming process, Ni is widely chosen among other catalysts such as Rh, Ru, Pd, Pt, Cu, Co mostly due to its low cost and high activity 
A Μechanochemical Approach to Generate Hydrogen for Cellulose
To understand why nickel particles of similar size in several microns differ after the heating operation, XRD patterns of cellulose and Ca(OH) 2 were the main compositions in the gaseous products.
The results in Table 1 (A) shows product gas analysis for cellulose sample milled and heated without Ca(OH) 2 and Ni(OH) 2 . It was clearly observed that no H 2 gas emission occurred at all temperature ranges and total gas generation remained very low at around 12%.
Carbon oxides (C0 2 and CO) were dominant constituents lower CH 4 gas was also emitted.
For the cellulose sample milled and heated with 
